The lipid intermediate in peptidoglycan biosynthesis was isolated from Escherichia coli strain W and characterized as C,5-isoprenyl-pyrophosphoryl N-acetylmuramyl(-pentapeptide)-N-acetyl-glucosamine.
Isoprenyl alcohols have been identified as components of lipid intermediates in the biosynthesis of bacterial cell wall peptidoglycan in the gram-positive bacteria Micrococcus luteus (4) and Staphylococcus aureus (5). Similar lipids have been shown to be involved in the synthesis of extracellular mannan in M. luteus (9) and Mycobacterium tuberculosis (12) . In the gram-negative bacterium, Salmonella typhimurium, isoprenyl alcohols were demonstrated to participate in the synthesis of 0-antigens (15) . To determine if the same kind of lipid was involved in cell wall peptidoglycan biosynthesis in gram-negative organisms as in gram-positive organisms, and to compare the lipid involved in peptidoglycan biosynthesis more directly to those involved in 0-antigen biosynthesis, the C,5-isoprenyl-pyrophosphoryl N -acetylmuramyl( -pentapeptide) -N -acetylglucosamine was isolated from Escherichia coli and characterized. This material has previously been shown to function in peptidoglycan synthesis (6). . After incubation at 24 C for 5 min, the mixture was extracted three times with butanol-pyridinium acetate (pH 4.2, 2:1) (2). The extract was taken to dryness in vacuo and resuspended in chloroformmethanol (1:1). A yield of 1.2 umoles of lipid intermediate was obtained.
MATERIALS AND METHODS
The extract was applied to a 36 by 6 cm column of diethylaminoethyl (DEAE)-cellulose and eluted as described previously (4). The E. coli lipid intermediate contained one negative charge more than those from M. luteus or S. aureus because the E. coli pentapeptide moiety contained diaminopimelic acid rather than lysine. This lipid intermediate was not eluted with 6 M pyridinium acetate (pH 4.2)-methanol (1:1) but was eluted with 3.2 M ammonium acetate in 4 M acetic acid in 50% methanol.
The pooled fractions from the DEAE-cellulose column were concentrated in vacuo and applied to a silicic acid column (Unisil, Clarkson Chemical Co., Williamsport, Pa.; 56 by 2 cm) equilibrated in chloroform-methanol (3:1) and eluted with a gradient from 400 ml of chloroform-methanol (3:1) to 400 ml of methanol. The pooled fractions from this column were then rechromatographed on a silicic acid column (90 by 1.5 cm), eluted with a gradient from 350 ml of chloroform-methanol (3:1) to 500 ml of methanol. The 3) and diisobutyl ketone-acetic acid-water (40:25:5). The purified lipid contained a ratio of muramic acid, glucosamine, amino acids, and phosphate expected from the proposed structure (Table 1) . Pyrophosphate was present as demonstrated by an increase of inorganic orthophosphate (from 0.51 nmole to 1.0 nmole) after treatment of an acid-hydrolyzed sample (20 min, 0.01 M ammonium acetate, pH 4.2, 100 C) with inorganic pyrophosphatase (3, 4) .
Presence of C55-isoprenol. After hydrolysis of the lipid intermediate at pH 4.2, thin-layer chromatography with 15% ethyl acetate in heptane or 2% methanol in benzene on silica gel, or by reversed-phase chromatography with acetone-water (100:8) on paraffin-impregnated silica gel, revealed spots corresponding to ficaprenol and the expected acid-catalyzed betaelimination derivatives of ficaprenol (10). The hydrolyzed lipid also served as a substrate for C 55-isoprenyl alcohol phosphokinase from S. aureus (4).
Mass spectroscopy was performed as previously described (4). The spectrum (Fig. 1) showed a pattern of peaks closely resembling that obtained with ficaprenols, consisting of a mixture of which greater than 90% was a C,5 m/e, M+ -H2O = 818 m/e) was also observed.
These latter values are two mass units higher than expected and suggest that a single saturated double bond could be present in this compound. However, the small amounts of material available precluded attempts to confirm the presence of such an unusual C,O-isoprenol. (14) demonstrated a vast majority of C 55-isoprenol, with only traces of lower or higher homologues (Fig. 2) . Unidentified peaks and shoulders accounted for about 5% of the total mass. DISCUSSION E. coli utilized as the lipid carrier in cell wall biosynthesis a C55-isoprenol with a structure closely related to that found in 0-antigen biosynthesis (15) appears to be different (12) . It has been suggested (13) that the same lipid pool was involved in the biosynthesis of cell wall peptidoglycan and teichoic acids, although it is not known if some reversible modification could be involved. The presence of a very similar lipid in gram-negative bacteria suggests the possibility that 0-antigen and peptidoglycan are also synthesized by use of a common precursor lipid pool. It is possible that the biosynthesis of cell envelope polysaccharide is regulated by control of this isoprenoid lipid pool and its phosphate derivatives, either by compartmentalization of the lipid by the various enzyme complexes (1), or by the operation of enzymatic systems which catalyze the phosphorylation and dephosphorylation of C 55-isoprenyl phosphate (11) 
